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< INTRODUCTION 


This volume of the USAF Advanced Terrestrial Energy Study contains the 
estimates of specific parameter values for each technology for 1980, 1985, 
1990, and 2000 at the following descrete power output levels: 1.5, 5.0, 20.0, 
60.0, 100.0, 250.0, 500.0, 750.0, 1000.0, and 5000.0 kW. This parameter 
survey includes three major sections: one for the energy conversion 
technologies and two for the energy storage technologies. The output levels 
for the storage technologies are in terms of energy (kWh) rather than abe 


The parameter values listed in this volume were derived from analyses of * : 
raw data and therefore represent the expected values of the parameters at 
those output levels and time periods. The actual value may vary (that is, the 
performance of a specific design for a specific application). Details on the 
assumptions made in determining these parameter values are reported in Volume 
I. The analyses leading to the values listed in this volume are presented in 


Volume IV along with the expected variance or ranges of parameter values. 


The following energy conversion technologies were characterized in this 
data base: 


® Gas Turbines 
— Open cycle, nonrecuperative (nonregenerative) 
— Closed cycle 
— Open cycle, recuperative (regenerative) 
@ Diesels 
— Turbocompounded 
— Turbocharged 
— Adtabatic 
@ Stirlings 
— Free piston 
— Kinematic 
@ Organic Rankine Cycles 


@ Fuel Cells 
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— Phosphoric acid 


— Solid polymer electrolyte (SPE) 

— Molten carbonate 
@ Photovoltaics 

— Flat plate 

— Actively cooled 

—  Photochenical ¥ 
@ Wind Turbines 

— Vertical axis 


— Horizontal axis. 


The following energy storage technologies wefe characterized in this data 
base: 


@ Batteries 


— 2Zn/Cl2 
— Ni/Fe 


— Li-Al/FeS, 
— Na/S 
— Advanced sealed lead/acids 
— Redox Cr-Fe 
@ Thermal Energy Storage Devices 
— CaCl, ° 6H20, calcium chloride hexahydrate 
— Wa ,S80, ° 108H,0, sodium sulfate decahydrate (Glauber's salt) 
— Na 28203 ° 5H,0, sodium thiosulfate pentahydrate 
— Olivine ceramic brick 
- Magnesite ceramic brick 


— YVFormstable polyethylene. 
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The complete set of parameters and their definitions follow. 


@ Type. This parameter value is either mobile, transportable, or fixed; it 
refers to the complete energy system, not just the component technology. 


A system is mobile if it 1) is transportable by truck or aircraft and 

2) can be assembled or dismantled within 8 hours with no prior site pre- 
paration. A system is transportable by truck if the system itself or the 
largest component of the system can be broken down and does not exceed the 
dimensions of 10-feet wide by 13-feet high by 60~feet long. For air trans- 
portability, the system or largest component of the system cannot exceed 


16-feet wide by 9-feet high by 100-feet long, nor can it exceed a weight 
limit of 350 1b/ft* floor loading. 


A system is transportable if it 1) is transportable by truck or aircraft 
subject to the same limitations as mobile and 2) can be set up or removed 
within 1 week with only minor site preparation. 

A system that is neither mobile nor transportable is fixed. 

@ Fuel Capability. Fuel capability indicates the fuels that can provide the 
primary energy source for each system. Primary fuels for the purpose of 
this study include — 

— JP-4 

— Diesel (DF-1 or DF-2) 
— Electricity 

— Natural gas 

— Solar 

— Wind 

— Thermal (heat) 

— Methanol 


Systems that have multifuel capabilities are denoted “mlti.” 

e wuetee Acquisition Cost. The estimated total installed cost in 1980 

ollars of the energy system excluding land procurement. 

@ Acquisition Cost (except BOP). The estimated off-the-shelf cost of the 
component technology excluding the balance-of-plant components for the 
complete system. The cost is in 1980 dollars. 

@ Annual Operating and Maintenance Cost. The estimated annual cost of oper- 
ating the energy system. The cost is in 1980 dollars and includes all 


operating and maintenance expenses except for fuel costs. 


@ System Efficiency. A system's efficiency is the primary energy output 
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divided by the primary fuel energy input. It does not include the energy 
content of by-product energy recovery unless specifically noted. 
Efficiency is measured in percent. 


@ Efficiency (except BOP). This is the efficiency of the component techno- 
logy and % the Wivect energy output from the component technology (for 
example, shaft power for the engine) divided by the energy content of the 
fuel for the technology. This efficiency is based on the energy balance 


around the component technology and excludes all balance-of-plant compo- 
nents and by-product energy. Efficiency is measured in percent. 


@ Lifetime. This is the estimated number of years the energy system is 
expected to produce its designated output during continuous operation. 
Continuous operation is as previously defined under “General Requirements.” 


@ Annual Fuel Consumption. This is the calculated annual energy content of 
designated fuel consumed by the energy system at its designated output 
during continuous operation. It is measured in Btu's unless otherwise 
specified. 


@ Annwal Fuel Cost. This is the calculated annual cost of primary fuel. It 
is the product of the primary fuel price in 1980 dollars times the annual 
fuel consumption for the energy system. Fuel prices are discussed in the 
section of this report headed “Fuels and Fuel Prices.” Selection of one 
fuel type for systems with mltifuel capability is discussed in the section 
of this report headed “General Requirements.” 


@ Anmal Fuel Cost (5%). This is the calculated annual cost of primary fuel 
assuming a real price increase of 5% per year. It is measured in 1980 
dollars. 


@ Annual Fuel Cost (10%). This is the calculated annual cost of primary fuel 
asevming a real price increase of 10% per year. It is measured in 1980 
dollars. 


@ Life-Cycle Cost. Life-cycle cost is the calculated cost of acquiring, 
operating (including fuel use), and maintaining the energy system at con- 
tinuous operation at its output level for a period of 20 years. For sys- 
tems with lifetimes of less than 20 years, the cost of rebuilding or 
reacquiring a system to extend the life to 20 years is included. The life- 
cycle cost is measured in 1980 dollars per unit of energy output. The pro- 
cedure for calculating life-cycle costs is discussed in the section of this 
report headed “Life-Cycle Costing Analysis.” 


@ Life-Cycle Cost (5%). This is the life-cycle cost of the energy system as 
previously defined except that fuel costs are assumed to be based on a 5% 
per year real price increase. It is measured in 1980 dollars per unit of 
energy output. 


@ Life-Cycle Cost (10%). This is the life-cycle cost of the energy system as 
previously defined except that fuel costs are assumed to be based on a 10% 

per year real price increase. It is measured in 1980 dollars per unit of 

energy output. 
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Start-up Time. The start-up time is the elapsed time in minutes for the 
system to achieve full output from a “ready to start” or “cold start” 
condition. 


Shutdown Time. The shutdown time is the elapsed time in minutes to bring a 
system from a full output condition to an off or standby mode. 


Volume (System). This is the volume in cubic feet of the envelope of the 
installed energy system. 


Volume (except BOP). This is the volume in cubic feet of the component 
technology excluding all balance-of-plant components. 


Area (System). This is the land or surface area in square feet required 
for the installed energy system. 


Area (except BOP). This is the land or surface area in square feet 
required for the energy technology excluding all balance-of-plant com- 
ponents. 


Weight. This is the total weight of the complete energy system measured in 
pounds. 


Weight (except BOP). This is the weight in pounds for the energy techno- 


ogy excluding all balance-of-plant components. 

Raw Materials. This is a qualitative parameter to indicate whether each 
system requires any materials that may not be readily available in suffi- 
cient quantity to allow the system to be produced in large quantities. 
This parameter is measured on an ordinal scale: 

1 — definite raw materials limitations 

3 — potential raw materials limitations 


5 — no apparent raw materials limitation 


Reliability. This is a qualitative parameter that indicates the potential 


for unanticipated outages of the energy system. Reliability is evaluated 
in terms of moving parts, operating temperature, modularity (redundancy), 
stress levels, corrosion, etc. Reliability is measured on ordinal scale: 
1 — high potential unreliability 

2 — moderate potential unreliability 

3 — average 


4 — noderate reliability 


5 — high reliabili~y 


Environa.....1( straints. This is a qualitative parameter that indicates 
the poten.- =i for environmental insult from the energy system. This 
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parameter is evaluated in terms of thermal discharge; air pollution, 
including CO, NO,, SO,; HC, particulates, and others; noise; odor; solid 
waste; and chemical waste. Environmental constraint is measured on an 
ordinal scale: 

1 — extreme potential environmental constraint 

2 — high potential environmental constraint 

3 — average potential environmental constraint 

4 — moderate potential environmental constraint 

5 — minisua potential environmental constraint 

Locational Constraints. This is a qualitative parameter to indicate the 
potential for locational constraints that could limit the applicability of 
the energy systems. This parameter is evaluated in terms of water require- 
ments, personnel requirements, fuel availability, fuel storage, and others 
(solar, wind). Locational constraints are measured on an ordinal scale: 

1 — extreme potential locational constraints 

2 — high potential locational constraints 

3 — average locational constraints 


4 — moderate locational constraints 


5 — minimum locational constraints 


@ Operational Constraints. This is a qualitative parameter that indicates 


the turn-down and load-following capabilities of the system relative to 
operating efficiency. This parameter is evaluated in terms of part-load 
capability, overload capability, and load-following capability. Opera- 
tional constraints are measured on an ordinal scale: 

1 — no turn-down capability 

2 — turn-down capability with high efficiency penalty 

3 — average turn-down capability 

4 — moderate turn-down capability; moderate efficiency penalty 

5 — excellent turn-down capability; minor efficiency penalty 

Thermal Energy Available. The thermal energy recoverable from any energy 
system is a Poaction of the quality and quantity of thermal energy produced 
by the system. It would be beyond the scope of this study to estimate the 
thermal energy available from each technology at the 11 different output 


levels. Consequently, this parameter will be qualitative and measured on 
an ordinal scale: 


lf 
be 1 —no potential for heat recovery 


a 2 — minor potential for heat recovery, extreme use limitation 
3 — potential for heat recovery, moderate use limitation 
2 4 — moderate potential for heat recovery, minor use limitations 


5 — very high potential for usable heat recovery 
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CONVERSION DEVICE PARAMETERS 


This section presents the parameter values for the gas turbines, diesel 
engines, Stirling engines, fuel cells, photovoltaics, and wind turbines. All 
systems were evaluated on the basis of continuous production of utility- 
quality ac power (operating 902 of each year at the required power output 
level). 


The parameter “lifetime” is not included in the parameter survey for the 
conversion technologies because all of the systems are evaluated on a 20-year 
economic life. 
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BATTERY PARAMETERS 


Because the batteries are modular, the parameter values are presented on 
a per kilowatt-hour basis where appropriate. The batteries supply dc power as 
output. A complete charge/discharge cycle is assumed to occur twice per day 
with a total discharge time of 16 hours. The batteries operate 365 days per 


year. 


Certain parameters for the energy converson technologies are not directly 


applicable to the battery technologies: 
e@ Annual fuel consumption becomes electricity required for charging. 
e Annual fuel cost becomes annual cost of electricity for charging. 


The following parameters were excluded from the battery paramenter survey 
because their values were the same for all of the batteries and therefore do 


no affect the decision as to the best technology for any given application. 
@ Charge time 

@ Discharge time 

@ Fuel capability 


@ Operational constraints. 
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i THERMAL ENERGY STORAGE PARAMETERS 

This section presents the parameter values for thermal energy storage 
eS (TES) technologies. TES devices were assumed to be applicable for space- 
r heating with a continuous diurnal cycle with 365 days per year operation. 
“4 


7 


The TES parameters are for the total system. Therefore this section does 
not include any of the “ex. BOP” parameters that were included for the 
batteries and the energy conversion technologies. Certain parameters for the 


energy conversion technologies are not directly applicable to the TES 
technologies: 


’ 
*. 
a 


cee ($e it 


#4 @ Annual fuel consumption becomes annual energy required for charging. 


@ Annual fuel cost becomes annual cost of energy required for charging. 


! @ Start~up time becomes charge time. 
a @ Shutdown time becomes discharge time. 


@ Fuel capability becomes charging energy requirements. 


Lard 


The following parameters were excluded from the TES parameter survey 
' becasue their values were the same for all of the TES technologies and 


therefore do not affect the decision as to the best technology for any given 
application: 


s 


po tetyn 


@ Locational constraints 


@ Environmental constraints 


@ Thermal energy available 


@ lLifetiue. 
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PARAMETER: CHARGING ENERGY CAPABILITYynITS 
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PARAMETER: SYSTEM ACQUISITION COST yyrts: 1980 Dollars 


Fe ° 
C) ~N 
“ =x " 
° °o oe 
= °o N we 
° ea = 2 
eo NN ° e 2 
x va) Py . ees 
ie . eu “aU we 
a “74 v) = Cal iw CF] wn 2 
30 ° 9 ° 38 ~t rm 
' @ he + a ~N > ao > 
23] 3s] 8 x 13 a3 | #3 | 83 
ESS = oO z Zz oo te 


503 776 255 

453 698 255 

453 698 255 

453 698 255 

867 1360 485 

780 1220 485 

_ 780 1220 485 

780 1220 485 
1740 2790 1130 1880 
1570 2510 1130 1180 
1570 2510 1130 1180 
1570 2510 1130 1180 
_ 2870 4730 2140 3270 
2580 4260 2140 2040 
2580 4260 2140 2040 
2580 4260 2140 2040 
4590 7830 4040 5600 
4130 7050 4040 3500 
4130 7050 4040 3500 
4130 7050 4040 3500 
10600 21900 17400 | 18000 
9540 19700 17400 | 11300 
9540 19700 17400 | 11300 
9540 19700 17400 | 11300 
26500 32000 43500 | 45000 
23900 28800 43500 | 28100 
23900 28800 43500 | 28100 
23900 28800 43500 | 28100 
53000 64000 87000 | 90000 
47700 57600 87000 | 56300 
47700 57600 87000 | 56300 
47700 57600 87000 | 56300 
79500 96000 131000 | 135000 
71600 86400 131000 | 84400 
.71600 86400 131000 | 84400 
71600 86400 131000 | 84400 
196000 | 128000 174000 | 180000 
95400 | 115000 174000 | 113000 
95400 | 115000 174000 | 113000 
95400 | 115000 174000 | 113000 
530000 | 640000 870000 | 900000 
477000 | 576000 870000 | 563000 
477000 | 576000 870000 | 563000 
477000 | 576000 : 563000 


PARAMETER: ANNUAL O & M COSTS unrTs; 1980 Dollars 


Capacity, 103Beu 
°6 H,0 


Thermal 
Energy 
Polyethylene 


SES ENNNN Cacl 


1040.00 
1700.00 
1530.00 
1530.00 
1530.00 
3390 
3050 
3050 
3050 
5090 
4580 
4580 
4580 


25,000 


37,500 


50,000 
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PARAMETER: SYSTEM EFFICIENCY UNITS: Percent 


Capacity, 103Btu 
Magnisite 

eramic 
Form-Stable 
Polyethylene 
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Olivine 


“ ECeramic 


wwowowovo o 
Rana 


25,000 


37,500 


50,000 


50,000 
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ANNUAL ENERGY REQUIRED 


FOR CHARGING 
PARAMETER: UNITS: Btu 
i 
a we 
3 a ° P 
7 ON = = oe as 
a 3 a ah wu Son ha 
aBy ° g@ | | se | 48°51 2% 
ua + a N > @ Ee 0 6 A 
fea 3 q. 3 ao a 9 cae 
& tw © 1S) =z z (os) =O ti © 
1.92E07 1.92E07] NCA 
1.92E07 1.92E07| NCA 
1.92E07 1.92E07| 1.92E07 
1.92E07 1.92E07| 1.92E07 
3.84E07 3.84E07 | NCA 
3.84E07 3.84E07 | NCA 
3.84E07 3.84E07| 3.84507 
3.84E07 3.84E07] 3.84E07 
9.61E07 9.61E07] NCA 
9.61E07 9.61E07} NCA 
9.61E07 9.61E07] 9.61E07 
9.61E07 9.61E07| 9.61E07 
1.92E08 1.92E08] NCA 
1.92E08 1.92E08} NCA 
1.92E08 1.92E08} 1.92E08 
1.92E08 1.92E08| 1.92E08 
3.84E08 3.84E08 
3.84E08 3.84508 
3.84E08 3.84E08 
3.84E08 3.84E08 
1.92E09 1.92E09 
1.92E09 1.92E09 
1.92E09 1.92E09| 1.92E09 
1.92E09 1.92E09} 1.92E09 
4.80E09 4. 80E09 
4.80E09 4.80E09 
4.80E09 “4. 80E09 
4.80E09 
9.61E09 
9.61E09 
9.61E09 
9.61E09 
1.44E10 
1.44E10 
1.44E10 
1.44E10 | 1.44E10 
1.92E10 | NCA 
1.92E10 | 1.92E10 
1.92E10 | 1.92E10 
1.92E10 | 1.92E10} 1.92E10 
9.61E10 | NCA 9.61E10 
9.61E10 | 9.61E10] 9.61£10 
9.61E10 | 9.61E10| 9.61E10 
9.61E10] 9.61E10 | 9.61E10] 9.61E10 
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"\° me ee Pe 
eg Oe Scat a ee at a RT ig at a aoe SS, 
* Ce ree, ee ee eee ee Sh i te an ee Re eine Lee a ee ee eed 


Pa rte Brn Ne Renee ERAN R SRS inte, SEE eS nmr eas agle cette Wer Te uae wer era ay eee ati 
x 
wy 
% ANNUAL COST OF ENERGY 
i REQUIRED FOR CHARGING 
: PARAMETER: UNITS: 1980 Dollars 
2 
P é ms 
2 g ° on 
¥ : a = = 3 
by et a e 2 see wu Su 
: a & g . 8 ° aa aa 
ooa o “ we ao Se 
By ESS fe) = = 38 £8 
2 0 0 NCA 
x 0 0 0 
ee 0 0 0 
0 0 0 
r 0 0 NCA 
& 0 0 0 
% 0 0 0 
E 0 0 0 
fe 0 0 NCA 
0 0 0 
‘ 0 1) 0 
5 0 0 0 
3. 1) 0 NCA 
¢ i) fr) 0 1570 
4 0 0 0 1570 
0 0 0 1570 
B3 0 0 NCA 1780 
; 0 0 0 3140 
; 4) 0 0 3140 
4 0 0 0 3140 
4 0 0 NCA 8910 
0 0 0 15700 
% i) 0 0 15700 
vs 0 0 0 15700 
‘" 0 0 NCA 22300 
* 0 0 0 39300 
* 0 0 0 39300 
ig 0 0 0 39300 
e 25,000 0 0 NCA 44600 
K 0 1) 0 78600 
a 0 0 0 78600 
si 0 0 0 78600 
| 37,500 0 0 NCA 66800 
0 0 0 118000 
» 0 0 0 118000 
IN 0 0 0 118000 
hy 50,000 0 0 NCA 89100 
N 0 0 0 157000 
* 0 0 0 157000 
r 0 ry) 0 157000 
# 0 0 NCA 446000 
; 0 0 0 786000 
y 
¥ 736000 
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ee Rg eae Tee Se ANS eh SS at at 
a Og a Bea. Soe BORAGE an a mag eee 


Pb ag ge tl et at ata at tap ge ae 
es ae. "a6 aN Rte ae Si 


4 ANNUAL COST OF ENERGY 
REQUIRED FOR CHARGING 
PARAMETER: (5%) UNITS: 1980 Dollars 
eee - 


Capacity, 103Btu 
Form-Stable 
Polyethylene 


ib 
23 


~sOlivine 
Ceramic 

~ eMagnisite 
eramic 


153000 
288000 
368000 
470000 
766000 


4 


1 

\ bates Cy Ae 

OR PE PI PCC, PRE Ra a Sa ae a 
a. 


’ . : . SG 
nS at 4 ae Fe ee at Se ek Pir er a See rat at eS BT gs Os Ronse oth nah hat ae es NG, enna a 2 a ale ghee aie we el citer eS oe 
EY ‘ner! IT a Oe Pa ae ia eh lee, Pe RT ie OR FO Oe Ree as ar ne ee SC a’? Se ae = a 


eg og ag aie er Boe a ee 


ANNUAL COST OF ENERGY 
REQUIRED FOR CHARGING 


PARAMETER: (10%) UNITS: 1980 Dollars 
|S ne PT a a a a A AES” . 
2 oe, 

a) Zz Ss 5 
= ° N oes 
[~) - = a a 
a ~N e e ae 
>» = n o ae 
= re . ou aU: so 
> i) ra) ” i Hx nw 
Z ou ° ° aa 5 “4 & a) 
mw @ «4 a ~N > es & > 
ey 3 * | 3 a3 | 38 | 83 
Ead 3 4 2 ou =O ho. 


774 2110 
576 576 937 
464 464 1270 
747 747 2040 
1940 1940 5290 
1150 1150 1870 
926 926 2530 
1490 1490 4070 
3870 3870 10600 
2300 2300 3740 
1850 1850 5050 
2980 2980 8140 
7740 7740 21100 
11500 |} 11500 18700 
9260 9260 25300 
14900 | 14900 40700 
38700 | 38700 106000 
28800 | 28800 46800 
23200 | 23200 63200 
37300 | 37300 102000 
96900 | 96900 264000 
57600 | 57600 93700 
46400 ] 46400 127000 
74700 | 74700 204000 
194000 | 194000 529000 
86409 | 86400 141000 
69600 | 69600 190000 
112000 | 112000 307000 
291000 | 291000 796000 
115000 | 115000 187000 
92600 | 92600 253000 | 253000 
149000 1149000 407000 | 407000 
387000 1060000 
576000 937000 
464000 464000 
747000 347000 


pT i eis 


J PARAMETER: LIFE-CYCLE COST UNITS: 1°27"! Dollars/10° Btu 
3 ° 
ay 4 = 
‘ae ° ° v 
oR - ° N oc 
rs e o. A = eo a & 
wd > = a) w Oo > 
Pe s ao wo oe 7” ; £2 3 z as 
; ABS) wg a | & | ol USE | BE] Gs 
Z eva % .S) N w 1 be 00 be wa) 
¥ Rod = 3 z = oS 23 oo 
me 2.93 | NCA 2.81 3.63 
eal 2.63 | 2.69 4.32 4.51 
mn 2.63 | 2.69 4.32 4.51 
: 2.63 | 2.69 4.32 4.51 
us 2.57 | NCA 2.75 3.40 
oy 2.31 | 2.30 4.25 4.37 
iG 2.31 | 2.30 4.25 4.37 
S 2.31 | 2.30 4.25 4.37 
Fs 2.11 | NCA 2.67. | 3.14 
_ 1.90 | 1.84 4.18 4.21 
re 1.90 | 1.84 4.18 4.21 
x 1.90 | 1.86 | 4.18 | 4.21 
3 1.79 | NCA 2-62 2.96 
g 1.61 | 1.51 | 4.12 | 4.09 
a 1.61 | 1.51 4.12 4.09 
1.61 | 1.53 4.12 4.09 
0 1.48 | NCA 2.56 2.79 
Hy 1.33 | 1.19 4.07 3.99 
et 1.33 | 1.19 4.07 3.99 
a 1.33 7 1.19 4.07 3.99 
ie 0.83 | NCA 2.45 2.47 
0.74 | 0.51 3.96 3.79 
. 0.74 { 0.51 3.96 3.79 
aw 0.74 | 0.51 3.96 3.79 
‘A 0.48 | NCA 2.45 | 2.47 
oh 0.44 | 0.51 3.96 3.79 
ie 0.44 | 0.51 3.96 3.79 
- 0.44 | 0.51 3.96 3.79 
i 25,000 0.48 | NCA 2.45 2.47 
a 0.43 | 0.51 3.96 3.79 
® 0.43 | 0.51 3.96 3.79 
; 0.43 | 0.51 3.96 3.79 
& 37,500 0.48 | NCA 2.45 2.47 
- 0.43 | 0.51 3.96 3.79 
ne 0.43 | 0.51 3.96 3.79 
oo 0.43 | 0.51 3.96 | 3.79 
ve 50,000 0.48 | NCA 2.45 2.47 
ua 0.43 | 0.51 3.96 3.79 
os 0.43 | 0.51 3.96 3.79 
‘ 0.43 | 0.51 3.96 3.79 
at 0.48 | NCA 2.45 2.47 
ay 0.43 | 0.51 3.96 3.79 
id 0.43 | 0.51 | 3.96 | 3.79 
4 0.43 | 0.51 3.96 3.79 


73 


aoa 


LT TST TT 


a oo 
=e 


OO ee ae 


~, e " s, F 
i all Sell See Stel in Sted al at els 


PT Te 


Btu 


1980 Dollars/10° 


UNITS: 
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o°n s."o’sen 


o°n ot- os “en 


0° 9-198 
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SRE eae ee E 


74 


. 
ty 
al 
ie 

a 
ie 
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yr 
e 
as 
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PARAMETER: LIFE-CYCLE COST (10%) _ ynits: 1980 Dollars/10° Btu 


2 ° 
2 N 
Dal = 
°o a 
~ ° an) 
° = = eu 
« N s oe on 
~ = o an 
~ wz eu “A YU ™ 
‘ > vt © fo) G wt RH w4 ww 
oo 0 ° Oo | “” a to 
ui @ he e > es BA 
eoa @ © N 1 OO be od 
Bao eo 9 i] =a @ ow 9 90 
@ ~ 5) =z oo = fe. A 


e 
WEOkKWEROKWNWEDADWEUNODHON WOH WW CW 


WEOUWONUNOOKUNUGOORUOGOONYVRE KH ERK OWLROWNWDEOULPOUNWDAYOO AH 


N i) 
OSOWDUKDOWUAOWUAHHKH DUAH OU YNH OO 
e e ee @ e e e* h6©°f e 


N 


Ne N 
. e e e ee e 


20. 
6. 
5. 
8. 
20. 
25,000 6. 
5.1 
8.0 
20.4 
37,500 6.3 
5.1 
8.0 
20.4 
50,000 6.3 
5.1 
8.0 
20.4 
250,000 6.2 
5.0 
8.0 
20.4 


ae Te 


pits 


Seger 


pes Gon 
Per aa 


| ne 


Faun ta 


eae 


: ah Aya, 
cha 


{. 


a 


Poa 


“th 


8 ges ee a Mg eg Bre ee Gee gM om Salle Soe ee Ree Me gee ee ee eee 
Be ae CSE BO EE ORE eae eh SE Po” aR eA 9 eae ws eG 


PARAMETER; _ CHARGE TIME UNITS: Minutes 
Se 
2 
43 
C.) 
Loa) 
°o 
S v 
oc 
>. e 2 a 
Cd 
~ Patio eu “a YO S = 
me) & wt OQ wd ”nw 
uw @ bad | “8 Y 
ada > c 8 > 
EES a3 o 8 oO 
0 (oS) #°§ 2 


25,000 


37,500 
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Soe ity ga re Sate 


PARAMETER: DISCHARGE TIME UNITS: Minutes 


3 

eo 

-] 

rs) 
(—] Oo Py 
~ N ve ¢& 
= a @ 
<< ry aw 
> wn a O >> 
aS . ou “a U. oe 
2 vet Ga] Ba a. “ne 
ou Oo 364 no Le 
a N > 60 > 
£8: ae ee ee es 
& fi O = oO =O w& a 


25,000 


37,500 


50,000 


50,000 
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a ee a a ee a a ae ee ae ee ee 


PARAMETER: VOLUME UNITS: _ Cubic Feet 
RENE rr SAE MAT LT EEE TA a A 

3 

rw) 

a2 

“ 
° cy) 
= ec 
io) wt & 
e N a oe onl 
~ =< ws ao DS 
~ re) way. a 
qBe © Sao os 
i 9 = oc 8 &> 
ooo o 00 tw ha md 
“££ & @ @ Oo Ww oo 
™ w@ O oOo = oO 6 


a SC A ae ge aU 


Woke. iim he ia yeaa re eds Vee Seat etre 
ee we a ae oe ee Hae Lr ee ee 
Sg eT ee ee? a8 


Oe et Ges gE Ng ee 


3 ° 
& a 
y =| [} me 1) bs 
a : 2 ee ° 2s 
: ; Zs - :, | 33 
ir > rv.) Ft “- eg Bios ns 
Si é ou : ° ° ~B “+ @ rm 
\ uw @ hs ~ n i) > a ea & > 
ees g 3 Oo. 2 23 oo Par) 
£565 4 3 Zz z oS) FO a: 
* 1 1.9 2.8 NCA 4 0.9 
ie % 1.9 2.8 1.1 4 0.9 
“sa 1.9 2.8 1.1 4 0.9 
ae s 1.9 2.8 1.1 4 0.9 
3.9 5.6 NCA 8 1.9 
3.9 5.6 2.1 .8 1.9 
3.9 5.6 2.1 8 1.9 
3.9 5.6 24 8 1.9 
; 9.6 14 NCA 4.7 
baad 9.6 5.3 4.7 
al 9.6 5.3 4.7 
Ry 9.6 5.3 4.7 
3 19 NCA 9.4 
s 9.4 
o' 9.4 
% 9.4 
19 
its 25,000 
4 
at 
P| 37,500 
A | 
wr 
% 50,000 
3 : 
aa 
: 19 


? 
De 


rg MgO pre See, ti gk as eee Ue 2 a) FPN tates sys a eT ey tan 
A eer ae Baa Sok ite os six: e 
é sige sBy coms ncie tetera Pee me Ae ay oy Pk is . 2 : Stas ae des 
i ar imi Oe we Re et te a ee ta eee 


4 


PARAMETER: WEIGHT 


omy 
ae 


Capacity, 103Btu 


Thermal 
Energy 


Year 


3 
Batata ta 


a, Se ULE 2. 4h? 2 


eg ee ae 


ad 


es, 


130000 
130000 
160000 
160000 
160000 
160000 
200000 
200000 
200000 
200000 
400000 
400000 
400000 
400000 


*10 H,0 


Na, SO, 


840 
840 
840 
840 
1600 
1600 
1600 
1600 
3600 
3600 
3600 
3600 
6700 
6700 
6700 
6700 
12000 
12000 
12000 
12000 
52000 
52000 
52000 
52000 
120000 
120000 
120000 
120000 
130000 
130000 
130000 
130000 
300000 
300000 
300000 
300000 
390000 
390000 
390000 
390000 


Rina SSeS oo 


NaS,0,°5 H0 


POUNDS 


Olivine 
Ceramic 


230 
230 
230 
230 
450 
450 
450 
450 
1100 
1100 
1100 
1100 
2300 
2300 
2300 
2300 
4500 
4500 
4500 
4500 
23000 
23000 
23000 
23000 
57000 
57000 
57000 
57000 
110000 
110000 
110000 
110000 
170000 
170000 
170000 
170000 
230000 
230000 
230000 
230000 


Magnisite 
Ceramic 


280 
280 
280 
280 
560 
560 
560 
560 
1400 
1400 
1400 
1400 
2700 
2700 
2700 
2700 
5400 
5400 
5400 
5400 
27000 
27000 
27000 
27000 
67000 
67000 
67000 
67000 
130000 
130000 
130000 
130000 
190000 
190000 
190000 
190000 
260000 
260000 
260000 
260000 


Form-Stable 
Polyethylene 


5 


j= 


Ordinal; 
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RAW MATERIALS 


PARAMETER : 


Sr ES ERE AS 


auaTAyryadTo, 
aTQeIS-w10 


aI ;sTUsey 


Dywe299 
SsUTATTO 
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rele te Se a ee a eRe Ri Rt mm antl ee ee Rt eam La 


rn i a ey 
o,° ,'* rete et 
wl eae 


; 


A ae ee 


auaT Ay ado, 
aT 9QeIS-w10,4 


Ts Sar a Rad al al tt eee ee 


Ordinal; 1-5 


UNITS: 
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a ee ed) 
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PARAMETER: OPERATIONAL CONSTRAINTS 


aa eee 
PO A Eee: 


Hl auaT hy yakTog 
eT qQeIS-w30 


o}weras 
aaysTuge 


1-5 


aywe1ay 
SUTFATTO 


Ordinal; 


€ 


UNITS: 


on s-°o°sen 


oH ot. "os “en 


o°H 9-1989 
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ava, 


NIg¢OT ‘AI FIedeD 
A829uq 
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PARAMETER: 


a ee Be Me Oe 


u 
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